ABSTRACT
INTRODUCTION
Fingerprint verification is one of the most reliable personal identification methods and it plays a very important role in forensic and civilian applications. Between 1924 and today, the US Federal Bureau of Investigation (FBI) has collected about 30 million sets of fingerprints [2] . The archive consists mainly of inked impressions on paper cards. The big problem is the storage capacity of the data. From then they are thinking about digital storage. After the contribution of I. Daubechies in the field of orthonormal supported wavelet transformation, they started to think about electronic storage of the fingerprint. Facsimile scans of the impressions are distributed among law enforcement agencies, but the digitization quality is often low. Because a number of jurisdictions are experimenting with digital storage of the prints, incompatibilities between data formats have recently become a problem. This problem led to a demand in the criminal justice community for a digitization and compression standard.
For the above case the data storage problem is perspective. Fingerprint images are digitized at a resolution of 500 pixels per inch with 256 levels of gray-scale information per pixel. A single fingerprint is about 700,000 pixels and needs about 0.6 Mbytes to store. A pair of hands, then, requires about 6 Mbytes of storage. So digitizing the FBI's current archive would result in about 200 terabytes of data. At today's prices of about $900 per Giga byte for hard-disk storage, the cost of storing these uncompressed images would be about 200 million dollars [1] . Obviously, data compression is important to bring these numbers down. In order for a system of this type of work in practice, it is necessary to be able to store the scanned data using as few bits as possible and it is necessary to have fast algorithms to extract the essential data from the finger being scanned. Wavelets fulfill both the conditions [3] .
There is still need to develop faster, more strong and healthy algorithms for fingerprint images [5] . One of the main difficulties in developing compression algorithms for fingerprints is for preserving the minutiae i.e. ridges endings and bifurcations, which are subsequently used in identifications. To achieve high compression ratios while retaining these fine details, wavelet packet are used. Wavelet packet also save computational effort, transmission, and storage costs etc. Various image compression techniques are already exists like DCT, JPEG, and JPEG2000 [6] and Wavelet etc. all these techniques having their common aim to achieve high compression ratio. Among exiting compression techniques Wavelet gives better results for lossless as well as lossy image compression.
There are some wavelet families exists such as Symlets, Daubechies and Coiflets etc. and one may use different types of wavelet to compress fingerprint images or any other images. We would like to say that if we wish to compress fingerprint images or any other images by using a member of a wavelet family, then it would be better to use such a member who will give much better result among all members of that family. According to this, to find most useful member from Coiflet's wavelet family our paper have made an experiment on this family by compressing a fingerprint image. In this paper wavelet and wavelet packet transform have been used and most useful Coiflet-type wavelet has been chosen based on retain energy (RE) and number of zeros (NZ). In future if we want to use a member of Coiflet's wavelet family then it would be better to use that most useful member to obtain better compression.
Related Works
In the paper [13] the author's performed Wavelet packet transform on Fingerprint Image of size 374-by-388in two forms i.e. Image without noise and image with noise. Throughout the paper result of Haar, Daubechies (db1), and Symlet (sym2) transforms of Wavelet packet at three different threshold values are considered at level 3. For every threshold value of these transform for both types of images different compression result is achieved. This compression result is analyzed on the basis of retain energy and number of zeros present in the image after compression. They have achieved better compression result for Symlet wavelet packet transform rather than Haar and Daubechies for noisy and noiseless fingerprint images. But in our paper we have used the Coiflet-type Wavelets to compress 480-by-400 fingerprint image. We also compare our result for wavelet and wavelet packet transform. Our experiment result is discussed in section 5.
Wavelets and Wavelet Packet for Compression
Wavelet analysis has proved to be very important development in the search of more efficient methods of image compression. Like most Lossy image coders, wavelet based image coders typically comprise three major components. Wavelet filter bank decomposes an image into wavelet coefficients, which are then thresholded and quantized in Quantizer if necessary, and finally an entropy encoder encodes these quantized coefficients into out bit stream i.e. compressed image as shown in figure1 
Wavelet Transform
Wavelet transform is a pair of filters. The way we compute the wavelet transform by recursively averaging and differentiating coefficients is called the filter bank [4] , where one is a low pass filter (lpf) and the other is a high pass filter (hpf). Each of the filters is down sampled by two and low frequencies signal of those two output signals can be further transformed. Similarly, this process can be repeated recursively several times, resulting in a tree structure called the decomposition tree. The structure of Wavelet can be represented as a four channel perfect reconstruction of filter bank. Each filter is 2D with subscript indicating the type of filter (LPF or HPF) for separation of horizontal and vertical components. The resulting four-transform components consist of all possible combinations of high and low pass filtering in the two directions. By using these filters in one stage an image can be decomposed into four bands. There are three types of details of images for each resolution Diagonal (HH), Vertical (LH) and Horizontal (HL). The operations can be repeated on the low low (LL) i.e. on approximation band using the second identical filter bank [10] . The decomposition process can be iterated, with successive approximations being decomposed. However, in practice, more than one decomposition level is performed on the image data. Successive iterations are performed on the low pass coefficients (approximation) from the previous stage to further reduce the number of low pass coefficients. Since the low pass coefficients contain most of the original signal energy, this iteration process yields better energy compaction. The quality of compressed image depends on the number of decompositions. Compression of an image can be obtained by ignoring all coefficients less than the threshold value. If we use decomposition iteration, it will be more successful in resolving DWT coefficient because Human Visual System (HVS) is less sensitive to removal of smaller details. Decomposition iterations depend on the filter order. Higher order does not imply better image quality because of the length of the wavelet filter. This becomes a limiting factor for decomposition. Usually, three levels of decompositions are used in current wavelet based image compression [7, 12] .
Wavelet Packet Transform
In addition to the above properties of wavelet transform, wavelet packets provide more flexible decomposition at any node of the decomposition by allowing decomposition at any node of the decomposition tree and also to obtain the best decomposition tree [5] . The benefit of the wavelet packets over the wavelet decomposition comes from the ability of the wavelet packets to better represent high frequency (this is how image may contains a noise) content, and high frequency oscillating signals in particular. This allows wavelet packet to perform significantly better than wavelets for compression of images with large amount texture and it is also point out the perceived image quality is significantly improved using wavelet packets instead of wavelets especially in the textured regions of the images [11] .
Major difference between wavelet and wavelet packet is: The filter design associated with the wavelet analysis method involves iterating the low-pass and high -pass filtering and down sampling procedure only on the low-pass branch of the previous. While, wavelet packet (WP) presenting an extension of the octave band wavelet decomposition to full tree decomposition, i.e. the high pass output of each branch is also filtered and down sampled up to maximum number of decomposition this is one of the key difference between the wavelet and wavelet packet [16] .
Implementation
We have implemented the above wavelet and wavelet packet algorithm in Coiflet's wavelet family for a fingerprint image compression. In our test we have used 8-bit gray scale left thumb digitized fingerprint image of size 480×400 in MATLAB program. table 1 and table 2 for wavelet and wavelet packet transform respectively for having percentage of number of zeros (NZ) and percentage of energy retained (RE) as follows [8] :
Where, V n is the vector norm, CCD is the coefficients of the current decomposition and ZCD is the Number of zeros of the current decomposition. In this section we have discussed the effect of order of Coiflet-type wavelet's on compression result through several graphs. For wavelet transform all figures show us all RE are increasing but NZ are decreasing with the increment of order of Coiflet-type wavelet for each threshold value, where the increasing rate of RE is comparatively more than the decreasing rate of NZ. For wavelet packet transform all figures show us RE and NZ both are increasing with the increasing of Coiflet-type wavelet's order for each threshold value and both increasing rate is comparatively good. From both transform we are observing that the higher order's Coiflet-type wavelet gives much better compression result i.e. more RE and NZ than his lower order's Coiflet-type wavelet's and hence for both transform Coif5 provides maximum RE and NZ in all Coiflet-type wavelet's. Hence we would like to say that RE and NZ are increasing by increasing order of Coiflets wavelet.
Results and Discussion

CONCLUSIONS
In this paper we have analyzed every Coiflet-type wavelet of Coiflet's wavelet family by compressing a fingerprint image by using wavelet and wavelet packet transform at three different threshold values at decomposition level three. The experiment result is that the Coiflet5 is much better than other Coiflet-type wavelets for fingerprint image compression for wavelet transform. Another experiment result is that the Coiflet5is much better than other Coiflet-type wavelets for the same fingerprint image for wavelet packet transform. In both cases we use the percentage of Retain Energy (RE) and percentage of Number of Zeros (NZ). In the case of wavelet transform percentage of Retain Energy (RE) is improved and percentage of Number of Zeros (NZ) is decreased. But in the case of wavelet packet transform the percentage of Retain Energy (RE) and percentage of Number of Zeros (NZ) both are improved. Hence wavelet packets transform gives much better result than wavelet transform.
